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PROBLEM TO BE SOLVED: To obtain a favorable wafer cut surface 
and also machine efficiently at a low cost, in the cutting by the wire 
with fixed abrasive grains. 

SOLUTION: In this cutting method, the wire with fixed abrasive 
grains, in which the abrasive grains having a plural different grain 
size are mixed and stuck and/ or the abrasive grains constituted by 
the material quality of plural different kinds are mixed and stuck on 
the wire 1 2 with fixed abrasive grains used to a fixed whetstone 
grains wire saw, is used. Thereby, the life of the wire with the fixed 
abrasive grains can be extended while maintaining the cut surface 
accuracy of an ingot 30 in a favorable state and a production 
efficiency is improved and a production cost can be reduced. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] By pressing a workpiece, running a wire front face the wire with bonded 
abrasive which the abrasive grain fixed, it is the wire with bonded abrasive characterized 
by having intermingled the abrasive grain in which said wire with bonded abrasive has 
the grain size from which plurality differed in the wire with bonded abrasive which cuts 
this workpiece, and having fixed. 

[Claim 2] By pressing a workpiece, running a wire front face the wire with bonded 
abrasive which the abrasive grain fixed, it is the wire with bonded abrasive characterized 
by having intermingled the abrasive grain with which said wire with bonded abrasive 
consisted of the quality of the materials of two or more different classes in the wire with 
bonded abrasive which cuts this workpiece, and having fixed. 
[Claim 3] By pressing a workpiece, running a wire front face the wire with bonded 
abrasive which the abrasive grain fixed, it is the wire with bonded abrasive characterized 
by having intermingled the abrasive grain with which said wire with bonded abrasive 
consisted of two or more different grain size and the quality of the material of two or 
more different classes in the wire with bonded abrasive which cuts this workpiece, and 
having fixed. 

[Claim 4] By pressing a workpiece, winding around two or more groove rollers almost 
the wire with bonded abrasive which the abrasive grain fixed on the wire front face, 
forming a wire train, and making it run this wire train this workpiece — many ~ in the 
cutting process of the bonded abrasive wire saw cut to several wafers, while using said 
claim 1, said claim 2, or said wire with bonded abrasive according to claim 3 Cutting 
process of the bonded abrasive wire saw characterized by injecting water-soluble 
working liquid a cutting part and near said workpiece. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cutting process of the wire with 
bonded abrasive and bonded abrasive wire saw which start the cutting process of the 
bonded abrasive wire saw which used the structure of a wire with bonded abrasive, and 
this wire with bonded abrasive, especially cut brittle materials, such as silicon, glass, and 
ceramics. 
[0002] 

[Description of the Prior Art] A wire saw is in one of the equipment which cuts a rod-like 
ingredient (ingot) and manufactures sheet metal (wafer) . a wire saw carrying out high- 
speed transit of the wire train laid in the predetermined pitch, and pressing a workpiece 
against the wire train — many ~ it is equipment cut to several wafers at coincidence. 
[0003] There are a loose grain wire saw by the loose grain method mainly used for this 
wire saw from the former and a bonded abrasive wire saw by the bonded abrasive method 
developed by the demand of cutting processing cost reduction in recent years while 
raising the precision of a cutting processing side. A bonded abrasive wire saw forms a 
wire train in a front face using the wire with bonded abrasive which the abrasive grain 
fixed covering a wire overall length, and cuts an ingot by carrying out high-speed transit 
of the wire train. 

[0004] The manufacture approach of the conventional wire with bonded abrasive was the 
approach of electrodepositing an abrasive grain in the strand of a metal wire. The 
manufacture approach of this wire was the same as the slicing machine which cuts an 
ingot to wafer-like sheet metal, and the anode process which attaches bonded abrasive to 
a metal blade from the time of a dicing machine by electrodepositing bonded abrasive on 
the conventional inner circumference or the conventional periphery of a metal blade of 
disc-like sheet metal, and carrying out high-speed rotation of this metal blade. Therefore, 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/30/2004 
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the abrasive grain which fffBlon a wire is one kind of grain^fee, and the quality of the 

material also used the abrasive grain of one kind of quality of the material. 

[0005] 

[Problem (s) to be Solved by the Invention] However, in the wire saw by the bonded 
abrasive method, it accumulates and is easy to carry out blinding of the cutting powder of 
an ingot between the abrasive grains which fixed. Thus, when cutting powder 
accumulated between abrasive grains, sectility ability worsened and had produced the 
wave on the wafer front face of a cutting processing side. Since the abrasive grain dedrop 
came to be easy from a wire and the life of a wire became short when the degree of 
concentration of an abrasive grain was lowered, in order to lessen deposition of this 
cutting powder, the fault that cutting processing cost went up had been produced. 
[0006] In order to have raised cutting efficiency, when the diamond was used for the 
abrasive grain of a wire with bonded abrasive, it was common knowledge that cutting 
ability becomes good, but since the diamond itself was very expensive, when cutting 
processing was carried out using the diamond abrasive grain on production level, it was 
disadvantageous in respect of processing cost. Moreover, they are SiC and aluminum 
203 to an abrasive grain. When used, the production cost of a wire was low, but omitted 
[ that the fixing force of an abrasive grain over a wire is low / an abrasive grain / tend ], 
since the life of a wire with bonded abrasive was short, the top where cutting efficiency is 
bad was not reached at reduction of cutting processing cost. 

[0007] It aims at offering a wire with bonded abrasive having made this invention in view 
of such a situation, and maintaining the cutting profile irregularity of a workpiece in the 
good condition in cutting processing with a wire with bonded abrasive, and improving 
production efficiency, and the cutting process of a bonded abrasive wire saw. 
[0008] 

[Means for Solving the Problem] In the bonded abrasive wire saw which cuts this 
workpiece by pressing a workpiece, running a wire front face the wire with bonded 
abrasive which the abrasive grain fixed in order that this invention may attain said 
purpose Said wire with bonded abrasive is characterized by that the abrasive grain with 
the grain size from which plurality differed has intermingled and fixed and/, or the 
abrasive grain that consisted of the quality of the materials of the class from which 
plurality differed having intermingled and fixed. 

[0009] The abrasive grain which has the grain size from which plurality differed in the 
wire with bonded abrasive used for a bonded abrasive wire saw according to this 
invention can be intermingled, it has fixed, and since the wire with bonded abrasive 
which/or the abrasive grain which consisted of the quality of the materials of two or more 
different classes has intermingled for which and fixed was used, the cutting profile 
irregularity of a workpiece can be maintained in the good condition, and improvement in 
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production efficiency and WRction of a production cost car^fc aimed at. 
[0010] 

[Embodiment of the Invention] The desirable gestalt of the wire with bonded abrasive 
applied to this invention according to an accompanying drawing below and a bonded 
abrasive wire saw is explained. Drawin g 1 is the sectional view in which the wire 12 with 
bonded abrasive concerning this invention exaggerated the wire 12 with bonded abrasive, 
and showed the condition of cutting the ingot 30 which is a workpiece. 
[0011] Below, the structure of the wire 12 with bonded abrasive shown in drawin g 1 is 
explained. As shown in drawin g 1 , the wire 12 with bonded abrasive The wire strand 1 
by materials, such as a high tension wire rod, and the comparatively big large abrasive 
grain 2 by the quality of the material of a diamond, CBN, B4 C, SiC, WC, TiC, and GC, 
an alumina, etc., It consists of fixing material 4 (binder) which has fixed the 
comparatively small small abrasive grain 3 by the quality of the material, and the wire 
strand 1, the large abrasive grain 2 and the small abrasive grain 3 of a diamond, CBN, B4 
C, SiC, WC, TiC, and GC, an alumina, etc. 

[0012] The materials of the ingot 30 of a workpiece are the semiconductor material 
represented by Si (silicon), GaAs, and GaP, magnetic material, Xtal, sapphire, etc. In 
addition, although the approach by the approach by the electrodeposition which uses 
metals, such as Co, and nickel, Cu, as a binder, resin immobilization of fixing (heat 
curing etc.) by the organic material or the inorganic material, etc. is used about the fixing 
approach of the large abrasive grain 2 and the small abrasive grain 3, this invention is not 
limited to these approaches. However, according to the approach of resin immobilization, 
it is possible to lower the degree of concentration of an abrasive grain easily. Moreover, 
piano wire and a high-tensile-strength nonmetal fiber line (a fiber etc. is included) are 
sufficient as the quality of the material of the wire strand 1, and it may perform surface 
treatment to this wire strand 1. It may be circular also about the cross-section 
configuration of the wire strand 1, or a polygon is sufficient, and also about structure, 
even if it is single track, and it is a twist line, the purpose of this invention is attained. 
Generally the wire size of said wire strand in a wire saw uses the strand of the range of 
50-300 micrometers. Furthermore, two grain size which is different as it is not limited 
about the grain size of the large abrasive grain 2 and the small abrasive grain 3, either and 
was shown in drawing 1 is sufficient, and the mixed grain size of an abrasive grain with 
two or more three or more different grain size is sufficient. For example, the grain size is 
made into the mesh of No. 240 by using the quality of the material of the large abrasive 
grain 2 as a diamond, and it fixes on a wire 12 using the fixing material 4 by setting the 
quality of the material of the small abrasive grain 3 to SiC, combining the grain size like 
the mesh of No. 8000. Moreover, it is also possible to prevent the cutting powder's 5 
accumulating between abrasive grains, and cutting capacity declining by preparing the 
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cavity called pore to the fi™| material 4. 

[0013] In the example of drawing 1 , it is fixed to the work-piece feed table 28 (refer to 
drawin g 2 ), and the ingot 30 which is a workpiece cuts an ingot 30, while the wire 12 
with bonded abrasive runs in the direction of 8 of drawing 1 . During cutting processing, 
working liquid 7 is made to inject from the piping 6 with a nozzle, and this working 
liquid 7 is applied to the cutting section of an ingot 30, and its near. 
[0014] In addition, the cutting powder 5 is generated on the occasion of cutting 
processing of an ingot 30. Working liquid 7 absorbs the temperature increase by plastic 
working generated at the time of cutting, is the liquid used in order to improve eccritic 
[ of the cutting powder 5 deposited between each abrasive grain of the wire 12 with 
bonded abrasive ], and can use a water-soluble thing and an oily thing while it reduces 
the cutting resistance between the wire with bonded abrasive produced at the time of 
cutting, and an ingot 30. Since the specific heat and thermal conductivity are high, in 
addition to being easy to absorb temperature increase by plastic working, water-soluble 
working liquid has the description that cleaning of the working liquid which dispersed is 
easy and work environment is good. Moreover, it has the advantage that the object for the 
industrial waste disposal costs of the flushed working liquid is cheap while washing of 
the working liquid which adhered to the wafer in the back process of the cut wafer is easy 
for water-soluble working liquid. 

[0015] Drawing 2 is drawing having shown the wire path of the bonded abrasive wire 
saw using the wire 12 with bonded abrasive shown by drawin g 1 . As shown in drawing 
2 , the wire 12 with bonded abrasive is wound around the wire reels 14A and 14B of a 
pair, and while the wire 12 with bonded abrasive is guided in between wire reel 14A of 
this pair, and 14B at two or more guide idlers 16 and 16 — , it carries out both- way transit. 
In the example of structure shown in drawing 2 , the traverse equipments 22A and 22B 
and dancer roller devices 24A and 24B are arranged on the wire transit way, respectively. 
The traverse equipments 22 A and 22B guide the wire 12 with bonded abrasive according 
to a fixed regulation from wire reels 14A and 14B, and dancer roller devices 24 A and 
24B give fixed tension to the wire 12 with bonded abrasive it runs. Motors 26 A and 26B 
are connected with the wire reels 14A and 14B of said pair, respectively, and said wire 12 
with bonded abrasive runs between wire reel 14A of a pair, and 14B by driving 
synchronously these motors 26A and 26B, and the groove roller 18 which is not 
illustrated and the motor which drives 18 — . And the wire 12 with bonded abrasive is 
almost wound around three groove rollers 18, 18, and 18, and the wire train 20 of the 
level wire 12 with bonded abrasive is formed. The work-piece feed table 28 is installed 
under said wire train 20. This work-piece feed table 28 carries out rise-and-fall migration 
perpendicularly to said wire train 20, and the ingot 30 which is a workpiece is held in the 
upper part of this work-piece feed table 28. 
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[0016] In the bonded abra^iwire saw 10 constituted as m^ioned above, an ingot 30 is 
cut as follows. First, an ingot 30 is attached in the work-piece feed table 28. Next, the 
synchronous drive of the motors 26 A and 26B connected with wire reels 14A and 14B, 
and the groove roller 18 which is not illustrated and the motor which drives 18 ~ is 
carried out, and it is made to run the wire 12 with bonded abrasive. And the work-piece 
feed table 28 is turned and raised in the wire train 20 in the place by which transit of the 
wire 12 with bonded abrasive was stabilized, and it presses against the wire train 20 
which runs an ingot 30. With the wire 12 with bonded abrasive which constitutes the wire 
train 20, grinding of the contact section is carried out and, thereby, the ingot 30 pressed 
against the wire train 20 is cut by the wafer. 

[0017] The cutting profile irregularity of a workpiece and the cutting conditions in the 
bonded abrasive wire saw which used the wire with bonded abrasive for below are 
explained. In order to improve cutting profile irregularity of a workpiece in the case of 
cutting in a bonded abrasive wire saw, while lessening bending of the wire 12 with 
bonded abrasive under cutting shown in drawing 3 , it is effective to keep this amount of 
bending constant. The reason is that the wire 12 with bonded abrasive will become easy 
to move in a zigzag direction according to said amount of bending, wire spacing of the 
wire train 20 will be changed, and the wave of an one-sheet wafer [ one sheet ] cutting 
plane will increase if the amount of bending of the wire 12 with bonded abrasive under 
cutting is large. And it is equal to keeping constant small the value of the cutting 
resistance FZ (g/cm) of the direction of a right angle to the transit direction of the wire 12 
with bonded abrasive shown in drawing 3 to keep constant the amount of bending of this 
wire 12 few. It is the large abrasive grains 2 and 2 of the wire 12 with bonded abrasive to 
cutting that the cutting resistance FZ which is the cause by which wafer cutting profile 
irregularity gets worse increases. ~ It is because eccritic [ of the cutting powder 5 of a 
between ] is bad, so cutting capacity declines when cutting powder discharge capacity 
does not catch up. 

[0018] Then, the result of having investigated the amount FN (micrometer) of external 
waviness of a wafer cutting plane when cutting conditions other than the degree of 
concentration C which is the grain ratio of a wire with bonded abrasive are fixed and only 
degree of concentration C changes ****** to drawing 4 and drawing 5 , and relation with 
the cutting resistance FZ (g/cm) is shown. Here, the workpiece used for cutting uses not 
the ingot 30 but prismatic form Si single crystal ingot (200mm per side) of a cylindrical 
shape as shown in drawing 2 or drawing 3 from the purpose which keeps constant the 
contact length of the wire 12 with bonded abrasive, and a workpiece. When cutting the 
cylinder-like ingot 30, it is good to control a wire travel speed or to control a cutting feed 
rate to make regularity the cutting workload per unit time amount. It is supposed that it is 
fixed, drawin g 4 and the measurement conditions of drawing 5 — a cutting feed rate — 1 
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(mm/min) — Wire tension !Bi(N) maximum linear- velocity^reOO (m/min), bidirectional 
cycle-time:30 (sec), acceleration-and-deceleration time amount: - a simple grain (5 (sec), 
working liquid:water + water solubility coolant 3%, and abrasive grain grain-size:mesh 
#600 No.) and diameter of wire strand: ~ the wafer cutting plane in cutting on the 
conditions of 0.18 (mm) ~ a wave — an amount FN and the cutting resistance FZ are 
shown. 

[0019] as being shown in drawin g 4 — a wafer cutting plane ~ a wave — an amount FN — 
a wafer cutting plane — a wave ~ in order to hold down to below an amount allowed 
value, it turns out that what is necessary is just to set the degree of concentration C of a 
wire with bonded abrasive or less to 75. Moreover, as mentioned above, since degree of 
concentration C increases rapidly or more by 75, according to drawin g 5 , the cutting 
resistance FZ can also be referred to as getting worse the amount FN of wafer cutting 
plane external waviness in connection with what the cutting resistance FZ increases. 
Degree of concentration shows the rate, i.e., a grain ratio, that abrasive grains, such as a 
diamond and CBN, are contained in the abrasive grain layer containing a binder. The 
grain ratio defines 25% or 4.4 (ct/cm3) as degree of concentration 100 by the percent by 
volume (lct=200mg). In addition, this degree of concentration C is good to consider as 
the value of 20-200 according to the quality of the material of a workpiece. 
[0020] the wafer cutting plane which is a workpiece when degree of concentration of the 
bonded abrasive of a wire is made or less into 75 in a bonded abrasive wire saw — a wave 

— although it is as above-mentioned that an amount is settled within an allowed value, 
they are still the conventional cutting conditions ~ the damaged layer of a wafer ~ deep - 

- moreover, the large abrasive grain 2 of a wire with bonded abrasive and 2 ~ the 
resistance at the time of cutting — dedropping - being easy — a sake — a wire with 
bonded abrasive - the fault that a life is short occurs. Since the wire with bonded 
abrasive is generally expensive, it is an indispensable technical problem to prolong the 
life of a wire with bonded abrasive, in order to lower the manufacturing cost of a wafer. 
A damaged layer is in the condition that many brittle modes are contained in shaving 
marks, and since many micro cracks exist in a cutting plane when the shaving marks in 
this brittle mode occur, it is a layer which cannot be used as a wafer for semi-conductor 
generation. Conversely, in respect of good cutting processing, a micro crack is shallow, 
and shaving marks serve as ductility mode. Since the lap process in the back process for 
wafer surface finish will take great floor to floor time if the damaged layer of a wafer is 
deep, the floor to floor time and the conversion cost of a wafer increase. 

[0021] What is necessary is just to reduce the amount of slitting of abrasive grain each to 
a wafer, in order to make this damaged layer shallow. It is required to reduce a cutting 
feed per revolution for that purpose, or to gather the travel speed of a wire. Although 
cutting processing efficiency will fall in a wire saw if a cutting feed rate is made late, the 
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improvement in a wire tra^Rpeed is advantageous in respewbf cutting efficiency. By 
carrying out cutting processing using the wire with bonded abrasive concerning this 
invention, improvement in the speed of the wire rate which was not able to be set up in 
respect of supply of working liquid can be attained by the conventional loose grain wire 
saw. 

[0022] The result of having measured the relation between the wire travel speed V 
(m/min) and the processing deterioration layer depth D (micrometer) to drawin g 6 is 
shown. Above wire travel-speed 1200 (m/min), the depth of a damaged layer is 
decreasing rapidly and becomes like 5 (micrometer) of the abbreviation one half at the 
900 (m/min) time as shown in drawin g 6 . In the conventional loose grain wire saw, since 
the abrasive grain is contained in working liquid and the abrasive grain in working liquid 
was cutting the ingot which is a workpiece, unless the abrasive grain in working liquid 
did not ride on the wire, but was fully drawn in the cutting part and spread, the saw mark 
of a cutting plane became excessive and was not able to cut an ingot 30 finely. Therefore, 
600 to 800 (m/min) extent of the maximum set point of the wire travel speed in a loose 
grain method was a limit. However, in a bonded abrasive wire saw, since [ which carries 
out the lubrication of the cutting section ] what is necessary is just to recognize extent 
existence, working liquid can raise the upper limit of a wire travel speed. 
[0023] The wire travel speed V (m/min) is shown in drawing 7 , and relation with the 
cutting resistance FZ (gf/cm) is shown on an axis of abscissa. It is alike, therefore the 
cutting resistance FZ tends [ which the wire travel speed V increases ] to decrease as 
shown in drawing 7 . If the cutting resistance FZ decreases, the amount of external 
waviness of a wafer cutting plane will decrease, and a good wafer will be obtained. 
[0024] Since the damaged layer of a cutting plane can be made thin, it becomes possible 
to ****** a g 0 od wafer cheaply and the large abrasive grain 2 and the amount of slitting 
in each of 2 — decrease further according to such effectiveness while being able to 
improve the efficiency of cutting processing, it becomes possible for the large abrasive 
grain 2 and the probability for 2 — to drop out to decrease, and to prolong the life of a 
wire with bonded abrasive. 

[0025] Furthermore, since the large abrasive grain 2 and 2 — which contribute to cutting 
have fixed by the fixing material 4 according to the gestalt of implementation of the 
processing approach of the wire with bonded abrasive concerning this invention, and a 
bonded abrasive wire saw, being held by the small abrasive grain 3 and 3 — Only the 
fixing material 4 which is a Prior art compares with the large abrasive grain 2 and the 
approach of fixing 2 — , and they are the large abrasive grains 2 and 2. — The fixing force 
is high and the large abrasive grain 2 and 2 - are a pile to dedropping. Moreover, the 
large abrasive grain 2 contributed to cutting is set to a diamond or CBN, the small 
abrasive grain 3 is compared with a diamond or CBN, and it is far cheap SiC and 
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aluminum 203. By carry irfjtat, cutting capacity becomes j^sible [ ****** (ing) a high 
wire with bonded abrasive cheaply ]. Therefore, while being able to offer a cheap and 
long lasting wire with bonded abrasive, as said explanation, the wave of the cutting 
processing side of a wafer can be lessened, and as shown further below, reduction of 
cutting time amount and cutting cost can be aimed at. 

[0026] The wire travel speed V (m/min) is taken along an axis of abscissa at drawin g 8 , 
and the measurement result made into the wire life WL (mm2/m) at the axis of ordinate is 
shown, here -- the wire life WL ~ unit wire die length ~ (- the cutting area (mm2) of the 
ingot currently cut without omission of the large abrasive grain 2 in per [ m) ] is shown. 
Therefore, it is shown that the life of a wire is so long that the value of the wire life floor 
line is large, and it is economical. According to drawing 8 , if it becomes more than wire 
travel-speed V=1200 (m/min), compared with the wire life in the condition of V= 900 
(m/min), it will become large suddenly more than twice, and the value of the wire life 
WL increases by gathering the wire travel speed V further. 

[0027] in addition, as a means for raising a wire travel speed The groove roller 18 which 
is not illustrated and 18 -- Drive-motor and wire reel motor 26 A, The high increase in 
power (torque, improvement in an engine speed) of 26B, and the groove roller 18 and 18 
~ Modification of a drive reduction gear ratio, It corresponds combining a cure, such as 
reducing the load which reduces the amount of the groove roller 18 and the wire with 
bonded abrasive of 18 ~ used for major-diameter-izing, lightweight-izing of wire reels 
14A and 14B, and cutting, and is applied to the wire reel motors 26A and 26B. 
[0028] 

[Effect of the Invention] As explained above, according to the cutting process of the wire 
with bonded abrasive concerning this invention, and a bonded abrasive wire saw The 
abrasive grain which has the grain size from which plurality differed in the wire with 
bonded abrasive used for a bonded abrasive wire saw has intermingled and fixed. / Or 
since the wire with bonded abrasive which the abrasive grain which consisted of the 
quality of the materials of the class from which plurality differed has intermingled for 
which and fixed was used, while eccritic [ of cutting powder ] becomes good, the life of a 
wire with bonded abrasive can be prolonged, furthermore, the wave of the cutting plane 
of a wafer — since an amount decreases, cutting profile irregularity of a workpiece can be 
made good ~ in addition, improvement in production efficiency and reduction of a 
production cost can be aimed at. 

[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the cutting process of the wire with 
bonded abrasive and bonded abrasive wire saw which start the cutting process of the 
bonded abrasive wire saw which used the structure of a wire with bonded abrasive, and 
this wire with bonded abrasive, especially cut brittle materials, such as silicon, glass, and 
ceramics. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/30/2004 



THIS PAGE BLANK (uspv 



Page 1 of 1 



* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] A wire saw is in one of the equipment which cuts a rod-like 
ingredient (ingot) and manufactures sheet metal (wafer), a wire saw carrying out high- 
speed transit of the wire train laid in the predetermined pitch, and pressing a workpiece 
against the wire train - many — it is equipment cut to several wafers at coincidence. 
[0003] There are a loose grain wire saw by the loose grain method mainly used for this 
wire saw from the former and a bonded abrasive wire saw by the bonded abrasive method 
developed by the demand of cutting processing cost reduction in recent years while 
raising the precision of a cutting processing side. A bonded abrasive wire saw forms a 
wire train in a front face using the wire with bonded abrasive which the abrasive grain 
fixed covering a wire overall length, and cuts an ingot by carrying out high-speed transit 
of the wire train. 

[0004] The manufacture approach of the conventional wire with bonded abrasive was the 
approach of electrodepositing an abrasive grain in the strand of a metal wire. The 
manufacture approach of this wire was the same as the slicing machine which cuts an 
ingot to wafer-like sheet metal, and the anode process which attaches bonded abrasive to 
a metal blade from the time of a dicing machine by electrodepositing bonded abrasive on 
the conventional inner circumference or the conventional periphery of a metal blade of 
disc-like sheet metal, and carrying out high-speed rotation of this metal blade. Therefore, 
the abrasive grain which fixes on a wire is one kind of grain size, and the quality of the 
material also used the abrasive grain of one kind of quality of the material. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, according to the cutting process of the wire 
with bonded abrasive concerning this invention, and a bonded abrasive wire saw, the 
abrasive grain which has the grain size from which plurality differed in the wire with 
bonded abrasive used for a bonded abrasive wire saw is intermingled. Since it has fixed 
and/or the wire with bonded abrasive which the abrasive grain which consisted of the 
quality of the materials of the class from which plurality differed has intermingled for 
which and fixed was used, while eccritic [ of cutting powder ] becomes good, the life of a 
wire with bonded abrasive can be prolonged, furthermore, the wave of the cutting plane 
of a wafer — since an amount decreases, cutting profile irregularity of a workpiece can be 
made good - in addition, improvement in production efficiency and reduction of a 
production cost can be aimed at. 
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TECHNICAL PROBLEM 

[Problem (s) to be Solved by the Invention] However, in the wire saw by the bonded 
abrasive method, it accumulates and is easy to carry out blinding of the cutting powder of 
an ingot between the abrasive grains which fixed. Thus, when cutting powder 
accumulated between abrasive grains, sectility ability worsened and had produced the 
wave on the wafer front face of a cutting processing side. Since the abrasive grain dedrop 
came to be easy from a wire and the life of a wire became short when the degree of 
concentration of an abrasive grain was lowered, in order to lessen deposition of this 
cutting powder, the fault that cutting processing cost went up had been produced. 
[0006] In order to have raised cutting efficiency, when the diamond was used for the 
abrasive grain of a wire with bonded abrasive, it was common knowledge that cutting 
ability becomes good, but since the diamond itself was very expensive, when cutting 
processing was carried out using the diamond abrasive grain on production level, it was 
disadvantageous in respect of processing cost. Moreover, they are SiC and aluminum 
203 to an abrasive grain. When used, the production cost of a wire was low, but omitted 
[ that the fixing force of an abrasive grain over a wire is low / an abrasive grain / tend ], 
since the life of a wire with bonded abrasive was short, the top where cutting efficiency is 
bad was not reached at reduction of cutting processing cost. 

[0007] It aims at offering a wire with bonded abrasive having made this invention in view 
of such a situation, and maintaining the cutting profile irregularity of a workpiece in the 
good condition in cutting processing with a wire with bonded abrasive, and improving 
production efficiency, and the cutting process of a bonded abrasive wire saw. 
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MEANS 

[Means for Solving the Problem] In the bonded abrasive wire saw which cuts this 
workpiece by pressing a workpiece, running a wire front face the wire with bonded 
abrasive which the abrasive grain fixed in order that this invention may attain said 
purpose Said wire with bonded abrasive is characterized by that the abrasive grain with 
the grain size from which plurality differed has intermingled and fixed and/, or the 
abrasive grain that consisted of the quality of the materials of the class from which 
plurality differed having intermingled and fixed. 

[0009] The abrasive grain which has the grain size from which plurality differed in the 
wire with bonded abrasive used for a bonded abrasive wire saw according to this 
invention can be intermingled, it has fixed, and since the wire with bonded abrasive 
which/or the abrasive grain which consisted of the quality of the materials of two or more 
different classes has intermingled for which and fixed was used, the cutting profile 
irregularity of a workpiece can be maintained in the good condition, and improvement in 
production efficiency and reduction of a production cost can be aimed at. 
[0010] 

[Embodiment of the Invention] The desirable gestalt of the wire with bonded abrasive 
applied to this invention according to an accompanying drawing below and a bonded 
abrasive wire saw is explained. Drawing 1 is the sectional view in which the wire 12 with 
bonded abrasive concerning this invention exaggerated the wire 12 with bonded abrasive, 
and showed the condition of cutting the ingot 30 which is a workpiece. 
[0011] Below, the structure of the wire 12 with bonded abrasive shown in drawin g 1 is 
explained. As shown in drawing 1 , the wire, 12 with bonded abrasive The wire strand 1 
by materials, such as a high tension wire rod, and the comparatively big large abrasive 
grain 2 by the quality of the material of a diamond, CBN, B4 C, SiC, WC, TiC, and GC, 
an alumina, etc., It consists of fixing material 4 (binder) which has fixed the 
comparatively small small abrasive grain 3 by the quality of the material, and the wire 
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strand 1, the large abrasive^Rin 2 and the small abrasive gnB 3 of a diamond, CBN, B4 
C, SiC, WC, TiC, and GC, an alumina, etc. 

[0012] The materials of the ingot 30 of a workpiece are the semiconductor material 
represented by Si (silicon), GaAs, and GaP, magnetic material, Xtal, sapphire, etc. In 
addition, although the approach by the approach by the electrodeposition which uses 
metals, such as Co, and nickel, Cu, as a binder, resin immobilization of fixing (heat 
curing etc.) by the organic material or the inorganic material, etc. is used about the fixing 
approach of the large abrasive grain 2 and the small abrasive grain 3, this invention is not 
limited to these approaches. However, according to the approach of resin immobilization, 
it is possible to lower the degree of concentration of an abrasive grain easily. Moreover, 
piano wire and a high-tensile-strength nonmetal fiber line (a fiber etc. is included) are 
sufficient as the quality of the material of the wire strand 1, and it may perform surface 
treatment to this wire strand 1. It may be circular also about the cross-section 
configuration of the wire strand 1, or a polygon is sufficient, and also about structure, 
even if it is single track, and it is a twist line, the purpose of this invention is attained. 
Generally the wire size of said wire strand in a wire saw uses the strand of the range of 
50-300 micrometers. Furthermore, two grain size which is different as it is not limited 
about the grain size of the large abrasive grain 2 and the small abrasive grain 3, either and 
was shown in drawing 1 is sufficient, and the mixed grain size of an abrasive grain with 
two or more three or more different grain size is sufficient. For example, the grain size is 
made into the mesh of No. 240 by using the quality of the material of the large abrasive 
grain 2 as a diamond, and it fixes on a wire 12 using the fixing material 4 by setting the 
quality of the material of the small abrasive grain 3 to SiC, combining the grain size like 
the mesh of No. 8000. Moreover, it is also possible to prevent the cutting powder's 5 
accumulating between abrasive grains, and cutting capacity declining by preparing the 
cavity called pore to the fixing material 4. 

[0013] In the example of drawing 1 , it is fixed to the work-piece feed table 28 (refer to 
drawin g 2 ), and the ingot 30 which is a workpiece cuts an ingot 30, while the wire 12 
with bonded abrasive runs in the direction of 8 of drawing 1 . During cutting processing, 
working liquid 7 is made to inject from the piping 6 with a nozzle, and this working 
liquid 7 is applied to the cutting section of an ingot 30, and its near. 
[0014] In addition, the cutting powder 5 is generated on the occasion of cutting 
processing of an ingot 30. Working liquid 7 absorbs the temperature increase by plastic 
working generated at the time of cutting, is the liquid used in order to improve eccritic 
[ of the cutting powder 5 deposited between each abrasive grain of the wire 12 with 
bonded abrasive ], and can use a water-soluble thing and an oily thing while it reduces 
the cutting resistance between the wire with bonded abrasive produced at the time of 
cutting, and an ingot 30. Since the specific heat and thermal conductivity are high, in 
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addition to being easy to aWfcb temperature increase by plaWc working, water-soluble 
working liquid has the description that cleaning of the working liquid which dispersed is 
easy and work environment is good. Moreover, it has the advantage that the object for the 
industrial waste disposal costs of the flushed working liquid is cheap while washing of 
the working liquid which adhered to the wafer in the back process of the cut wafer is easy 
for water-soluble working liquid. 

[0015] Drawin g 2 is drawing having shown the wire path of the bonded abrasive wire 
saw using the wire 12 with bonded abrasive shown by drawin g 1 . As shown in drawin g 
2 , the wire 12 with bonded abrasive is wound around the wire reels 14A and 14B of a 
pair, and while the wire 12 with bonded abrasive is guided in between wire reel 14A of 
this pair, and 14B at two or more guide idlers 16 and 16 --, it carries out both-way transit. 
In the example of structure shown in drawing 2 , the traverse equipments 22A and 22B 
and dancer roller devices 24A and 24B are arranged on the wire transit way, respectively. 
The traverse equipments 22A and 22B guide the wire 12 with bonded abrasive according 
to a fixed regulation from wire reels 14A and 14B, and dancer roller devices 24A and 
24B give fixed tension to the wire 12 with bonded abrasive it runs. Motors 26 A and 26B 
are connected with the wire reels 14A and 14B of said pair, respectively, and said wire 12 
with bonded abrasive runs between wire reel 14A of a pair, and 14B by driving 
synchronously these motors 26A and 26B, and the groove roller 18 which is not 
illustrated and the motor which drives 18 —. And the wire 12 with bonded abrasive is 
almost wound around three groove rollers 18, 18, and 18, and the wire train 20 of the 
level wire 12 with bonded abrasive is formed. The work-piece feed table 28 is installed 
under said wire train 20. This work-piece feed table 28 carries out rise-and-fall migration 
perpendicularly to said wire train 20, and the ingot 30 which is a workpiece is held in the 
upper part of this work-piece feed table 28. 

[0016] In the bonded abrasive wire saw 10 constituted as mentioned above, an ingot 30 is 
cut as follows. First, an ingot 30 is attached in the work-piece feed table 28. Next, the 
synchronous drive of the motors 26A and 26B connected with wire reels 14A and 14B, 
and the groove roller 18 which is not illustrated and the motor which drives 18 — is 
carried out, and it is made to run the wire 12 with bonded abrasive. And the work-piece 
feed table 28 is turned and raised in the wire train 20 in the place by which transit of the 
wire 12 with bonded abrasive was stabilized, and it presses against the wire train 20 
which runs an ingot 30. With the wire 12 with bonded abrasive which constitutes the wire 
train 20, grinding of the contact section is carried out and, thereby, the ingot 30 pressed 
against the wire train 20 is cut by the wafer. 

[0017] The cutting profile irregularity of a workpiece and the cutting conditions in the 
bonded abrasive wire saw which used the wire with bonded abrasive for below are 
explained. In order to improve cutting profile irregularity of a workpiece in the case of 
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cutting in a bonded abrasivJtare saw, while lessening bena^^ of the wire 12 with 
bonded abrasive under cutting shown in drawin g 3 , it is effective to keep this amount of 
bending constant. The reason is that the wire 12 with bonded abrasive will become easy 
to move in a zigzag direction according to said amount of bending, wire spacing of the 
wire train 20 will be changed, and the wave of an one-sheet wafer [ one sheet ] cutting 
plane will increase if the amount of bending of the wire 12 with bonded abrasive under 
cutting is large. And it is equal to keeping constant small the value of the cutting 
resistance FZ (g/cm) of the direction of a right angle to the transit direction of the wire 12 
with bonded abrasive shown in drawing 3 to keep constant the amount of bending of this 
wire 12 few. It is the large abrasive grains 2 and 2 of the wire 12 with bonded abrasive to 
cutting that the cutting resistance FZ which is the cause by which wafer cutting profile 
irregularity gets worse increases. — It is because eccritic [ of the cutting powder 5 of a 
between ] is bad, so cutting capacity declines when cutting powder discharge capacity 
does not catch up. 

[0018] Then, the result of having investigated the amount FN (micrometer) of external 
waviness of a wafer cutting plane when cutting conditions other than the degree of 
concentration C which is the grain ratio of a wire with bonded abrasive are fixed and only 
degree of concentration C changes ****** to drawing 4 and drawing 5 , and relation with 
the cutting resistance FZ (g/cm) is shown. Here, the workpiece used for cutting uses not 
the ingot 30 but prismatic form Si single crystal ingot (200mm per side) of a cylindrical 
shape as shown in drawing 2 or drawin g 3 from the purpose which keeps constant the 
contact length of the wire 12 with bonded abrasive, and a workpiece. When cutting the 
cylinder-like ingot 30, it is good to control a wire travel speed or to control a cutting feed 
rate to make regularity the cutting workload per unit time amount. It is supposed that it is 
fixed, drawing 4 and the measurement conditions of drawin g 5 ~ a cutting feed rate — 1 
(mm/min) ~ Wire tension : 35 (N) maximum linear-velocity:1800 (m/min), bidirectional 
cycle-time: 30 (sec), acceleration- and-deceleration time amount: — a simple grain (5 (sec), 
working liquid:water + water solubility coolant 3%, and abrasive grain grain-size:mesh 
#600 No.) and diameter of wire strand: - the wafer cutting plane in cutting on the 
conditions of 0.18 (mm) — a wave ~ an amount FN and the cutting resistance FZ are 
shown. 

[0019] as being shown in drawing 4 ~ a wafer cutting plane — a wave ~ an amount FN — 
a wafer cutting plane — a wave ~ in order to hold down to below an amount allowed 
value, it turns out that what is necessary is just to set the degree of concentration C of a 
wire with bonded abrasive or less to 75. Moreover, as mentioned above, since degree of 
concentration C increases rapidly or more by 75, according to drawing 5 , the cutting 
resistance FZ can also be referred to as getting worse the amount FN of wafer cutting 
plane external waviness in connection with what the cutting resistance FZ increases. 
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Degree of concentration the rate, i.e., a grain ratio, thffebrasive grains, such as a 

diamond and CBN, are contained in the abrasive grain layer containing a binder. The 
grain ratio defines 25% or 4.4 (ct/cm3) as degree of concentration 100 by the percent by 
volume (lct=200mg). In addition, this degree of concentration C is good to consider as 
the value of 20-200 according to the quality of the material of a workpiece. 
[0020] the wafer cutting plane which is a workpiece when degree of concentration of the 
bonded abrasive of a wire is made or less into 75 in a bonded abrasive wire saw - a wave 
~ although it is as above-mentioned that an amount is settled within an allowed value, 
they are still the conventional cutting conditions — the damaged layer of a wafer - deep - 
- moreover, the large abrasive grain 2 of a wire with bonded abrasive and 2 — the 
resistance at the time of cutting — dedropping — being easy — a sake - a wire with 
bonded abrasive — the fault that a life is short occurs. Since the wire with bonded 
abrasive is generally expensive, it is an indispensable technical problem to prolong the 
life of a wire with bonded abrasive, in order to lower the manufacturing cost of a wafer. 
A damaged layer is in the condition that many brittle modes are contained in shaving 
marks, and since many micro cracks exist in a cutting plane when the shaving marks in 
this brittle mode occur, it is a layer which cannot be used as a wafer for semi-conductor 
generation. Conversely, in respect of good cutting processing, a micro crack is shallow, 
and shaving marks serve as ductility mode. Since the lap process in the back process for 
wafer surface finish will take great floor to floor time if the damaged layer of a wafer is 
deep, the floor to floor time and the conversion cost of a wafer increase. 
[0021] What is necessary is just to reduce the amount of slitting of abrasive grain each to 
a wafer, in order to make this damaged layer shallow. It is required to reduce a cutting 
feed per revolution for that purpose, or to gather the travel speed of a wire. Although 
cutting processing efficiency will fall in a wire saw if a cutting feed rate is made late, the 
improvement in a wire travel speed is advantageous in respect of cutting efficiency. By 
carrying out cutting processing using the wire with bonded abrasive concerning this 
invention, improvement in the speed of the wire rate which was not able to be set up in 
respect of supply of working liquid can be attained by the conventional loose grain wire 
saw. 

[0022] The result of having measured the relation between the wire travel speed V 
(m/min) and the processing deterioration layer depth D (micrometer) to drawin g 6 is 
shown. Above wire travel-speed 1200 (m/min), the depth of a damaged layer is 
decreasing rapidly and becomes like 5 (micrometer) of the abbreviation one half at the 
900 (m/min) time as shown in drawing 6 . In the conventional loose grain wire saw, since 
the abrasive grain is contained in working liquid and the abrasive grain in working liquid 
was cutting the ingot which is a workpiece, unless the abrasive grain in working liquid 
did not ride on the wire, but was fully drawn in the cutting part and spread, the saw mark 
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of a cutting plane became Wressive and was not able to cutlwingot 30 finely. Therefore, 
600 to 800 (m/min) extent of the maximum set point of the wire travel speed in a loose 
grain method was a limit. However, in a bonded abrasive wire saw, since [ which carries 
out the lubrication of the cutting section ] what is necessary is just to recognize extent 
existence, working liquid can raise the upper limit of a wire travel speed. 
[0023] The wire travel speed V (m/min) is shown in drawin g 7 , and relation with the 
cutting resistance FZ (gf/cm) is shown on an axis of abscissa. It is alike, therefore the 
cutting resistance FZ tends [ which the wire travel speed V increases ] to decrease as 
shown in drawing 7 . If the cutting resistance FZ decreases, the amount of external 
waviness of a wafer cutting plane will decrease, and a good wafer will be obtained. 
[0024] Since the damaged layer of a cutting plane can be made thin, it becomes possible 
to ****** a good wafer cheaply and the large abrasive grain 2 and the amount of slitting 
in each of 2 -- decrease further according to such effectiveness while being able to 
improve the efficiency of cutting processing, it becomes possible for the large abrasive 
grain 2 and the probability for 2 — to drop out to decrease, and to prolong the life of a 
wire with bonded abrasive. 

[0025] Furthermore, since the large abrasive grain 2 and 2 — which contribute to cutting 
have fixed by the fixing material 4 according to the gestalt of implementation of the 
processing approach of the wire with bonded abrasive concerning this invention, and a 
bonded abrasive wire saw, being held by the small abrasive grain 3 and 3 - Only the 
fixing material 4 which is a Prior art compares with the large abrasive grain 2 and the 
approach of fixing 2 --, and they are the large abrasive grains 2 and 2. - The fixing force 
is high and the large abrasive grain 2 and 2 — are a pile to dedropping. Moreover, the 
large abrasive grain 2 contributed to cutting is set to a diamond or CBN, the small 
abrasive grain 3 is compared with a diamond or CBN, and it is far cheap SiC and 
aluminum 203. By carrying out, cutting capacity becomes possible [ ******(ing) a high 
wire with bonded abrasive cheaply ]. Therefore, while being able to offer a cheap and 
long lasting wire with bonded abrasive, as said explanation, the wave of the cutting 
processing side of a wafer can be lessened, and as shown further below, reduction of 
cutting time amount and cutting cost can be aimed at. 

[0026] The wire travel speed V (m/min) is taken along an axis of abscissa at drawing 8 , 
and the measurement result made into the wire life WL (mm2/m) at the axis of ordinate is 
shown, here ~ the wire life WL — unit wire die length ~ (— the cutting area (mm2) of the 
ingot currently cut without omission of the large abrasive grain 2 in per [ m) ] is shown. 
Therefore, it is shown that the life of a wire is so long that the value of the wire life floor 
line is large, and it is economical. According to drawing 8 , if it becomes more than wire 
travel-speed V=1200 (m/min), compared with the wire life in the condition of V= 900 
(m/min), it will become large suddenly more than twice, and the value of the wire life 
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WL increases by gatherin_Jfe wire travel speed V further. 

[0027] in addition, as a means for raising a wire travel speed The groove roller 18 which 
is not illustrated and 18 ~ Drive-motor and wire reel motor 26A, The high increase in 
power (torque, improvement in an engine speed) of 26B, and the groove roller 18 and 18 
-- Modification of a drive reduction gear ratio, It corresponds combining a cure, such as 
reducing the load which reduces the amount of the groove roller 18 and the wire with 
bonded abrasive of 18 — used for major-diameter-izing, lightweight-izing of wire reels 
14A and 14B, and cutting, and is applied to the wire reel motors 26 A and 26B. 

[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 The sectional view in which the wire 12 with bonded abrasive concerning 
this invention exaggerated the bonded abrasive wire 12, and showed the condition of 
cutting the ingot 30. 

[Drawing 21 The wire path block diagram of a bonded abrasive wire saw. 
[Drawing 31 Drawing showing the value of the cutting resistance FZ (g/cm) of the 
direction of a right angle to the transit direction of the wire 12 with bonded abrasive. 
[Drawing 41 Drawing showing relation with the amount FN (micrometer) of external 
waviness of the wafer cutting plane when changing degree of concentration C to an axis 
of abscissa. 

[Drawing 51 Drawing showing relation with the cutting resistance FZ (g/cm) when 
changing degree of concentration C to an axis of abscissa. 

[Drawing 61 Drawing showing relation with damaged layer depth D (micrometer) when 

changing the wire travel speed V (m/min) to an axis of abscissa. 

[Drawing 71 Drawing showing relation with the cutting resistance FZ (g/cm) when 

changing the wire travel speed V (m/min) to an axis of abscissa. 

[Drawing 81 Drawing showing relation with the wire life WL (mm2/m) when changing 

the wire travel speed V (m/min) to an axis of abscissa. 

[Description of Notations] 

1 — Wire strand 

2 — Large abrasive grain 

3 ~ Smallness abrasive grain 

4 ~ Fixing material 

5 — Cutting powder 
7 — Working liquid 

10 — Bonded abrasive wire saw 
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[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
[Drawing ll 




[Drawing 21 
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[Drawin g 61 
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[Drawin g 71 
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[Drawing 81 
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